A wide array of studies has demonstrated differences in genotype and allele frequencies of cytokine gene polymorphisms depending on ethnicity and race. In this study, the frequency of Taq-I polymorphism in 3 0 untranslated region of IL-12B was investigated in two Bulgarian ethnic groups-Bulgarians and Turkish minority. No significant differences of genotype and allele frequencies were observed between these groups. Genotype distribution in the total group of Bulgarian citizens was: AA (61%), CA (32%) and CC (7%), and the allele frequency of 16974 A allele was 0.77. We also evaluated whether this polymorphism affects IL-12p40 production from human PBMC after stimulation. We demonstrated that association between genotype and IL12p40 production by stimulated PBMC depends on the stimuli used. Our results indicated a significantly decreased IL-12 p40 secretion for the following order of genotypes: AA4CA4CC, after stimulation of PBMC with C3-binding glycoprotein (C3bgp) in contrast to lipopolysaccharide, phytohaemagglutinin and pokeweed mitogen.
Introduction
Cytokines play a pivotal role in the regulation of the type and magnitude of immune response and the polymorphic nature of the cytokine genes may confer flexibility on the immune response. Interleukin-12 (IL-12) is a heterodimeric proinflammatory and immunoregulatory cytokine, composed of two disulphidebounded polypeptide chains-p35 and p40, that is critical to the orchestration of cell-mediated immune responses in both the innate and adaptive immune systems. While many cell types express the p35 subunits, the activated macrophages and B cells mainly express the p40 chain of IL-12. [1] [2] [3] Recently, a complete genomic sequence analysis of the IL-12 gene encoding its p40 subunit (IL-12B) identified several intronic polymorphisms, a single-nucleotide polymorphism (SNP) at position þ 16974 ( þ 16974 A/ C) in the 3 0 -untranslated region (UTR) of IL-12B 3,4 and a promoter polymorphism (IL-12Bpro). 5 IL-12B is located at chromosome 5q31-33, with Genebank accession number: AY008847.
A wide array of studies has further demonstrated differences in genotype and allele frequencies of cytokine gene polymorphisms depending on ethnicity and race. [6] [7] [8] Also, the 3 0 UTR region plays an important role in the expression of many eukaryotic genes and any polymorphism in this region of the gene might affect gene expression. The A-C base pair substitution at position 16974 in the 3 0 UTR of IL12B had been reported to influence gene expression and these reports are somewhat controversial. 9, 10, 11 Against the background, we examined for the first time the genotype and allele frequencies of Taq-I polymorphism in 3 0 UTR of IL-12B in two ethnic subgroups from Bulgaria, and association of this polymorphism with IL-12p40 production from human PBMC after stimulation with various stimuli.
Results and discussion
The genotype and allele frequencies of the IL-12p40 gene polymorphism in Bulgarian citizens are presented in Table 1 .
No significant differences of genotype and allele frequencies were observed when Bulgarians were compared to the Turkish minority in Bulgaria, using the w 2 test (P40.1). Based on these results, both groups of Turkish minority in Bulgaria and Bulgarians can be included in a total group from the overall Bulgarian population.
Our findings are somewhat close to the results obtained by Yilmaz et al, 12 who have demonstrated that the frequency of AA genotype of IL-12B is 55.3% in 101 healthy Turkish donors, whereas in the group of Turkish minority in Bulgaria we observed a slightly higher frequency of AA genotype-61%. These close genotype distributions were expected considering the fact that Turkish and Bulgarian populations have the shortest geographic distance between them and have common historical relationships. Similar data have been reported by Uyar et al, 13 concerning the multi-locus haplotypes frequencies of HLA class I and class II loci, which demonstrated closest genetical relatedness between Turkish and Bulgarians.
The established allele frequency of the 'A' allele in 91 Bulgarian citizens (0.77) was similar to frequencies reported for other populations from the Caucasian race, ranging from 0.77 to 0.82. 3, 9, 14, 15 and expectedly distinctive when compared to the Japanese population. 16 To study the relation between genotype and phenotype, we investigated in vitro IL-12p40 secretion by PBMC from a limited group of healthy Bulgarians (n ¼ 25) after stimulation with: C3bgp, bacterial immunomodulator lipopolysaccharide (LPS) and two well-known plant immunomodulators-phytohaemagglutinin (PHA) and pokeweed mitogen (PWM). C3bgp was isolated from a total water extract of the seeds of the parasitic plant Cuscuta europea by affinity chromatography as described by Zhelev et al. 17 Previously, we have reported that C3bgp has immunomodulatory activity and induces a specific group of cytokines in mice 18 triggering mainly mononuclear phagocytes. Significantly higher secretion of IL-12p40 was observed after stimulation of PBMC compared to nonstimulated PBMC, and the highest level was observed after stimulation with C3bgp. The mean value of IL-12p40 production after stimulation of PBMC with C3bgp was 1295 pg/ml (range: 288-2309 pg/ml). The production of IL-12p40 in relation to a Taq-I gene polymorphism is shown in Figure 1 .
The mean concentrations of IL-12p40 production after stimulation with C3bgp were the highest in individuals carrying the AA genotype-1756.75 pg/ml, comparing to both heterozygous-1016 pg/ml (P ¼ 0.027424) and homozygous CC-308.5 pg/ml (P ¼ 0.036715). These results indicated that the presence of 'A' allele correlated with increased production of IL-12p40 of human PBMC after stimulation with C3bgp. We also found decreasing IL-12 p40 production after stimulation of PBMC with LPS and PHA in the following order of genotypes: AA4CA4CC, but the difference did not reach significance probably because of high error rates due to A group of 91 healthy volunteers was divided into two subgroups, according to the ethnic affiliations-Bulgarians (n ¼ 58) and Turkish minority in Bulgaria (n ¼ 33). Genotyping for the Taq-I polymorphism in the 3 0 UTR of the IL-12B was performed as previously described, with modifications. 11 Briefly, a 1046-bp fragment containing +16974 A/C SNP at the 3 0 UTR of IL-12B was amplified using the forward primer: 5 0 -ATTTGGAGGAAAAGTGGAAGA-3 0 and the reverse primer: 5 0 -AATTTCATGTCCTTAGCCATA-3 0 . PCR amplification was carried out in 20 ml volumes containing GeneAmp 10 Â PCR buffer, 0.25 U of AmpliTaq Gold polymerase, 3.0 mM MgCl2, 100 mM of each dNTP, 4 pmol of each primer (primers and reagents were supplied by Applied Biosystems, USA) and 0.1-0.5 mg of genomic DNA. Amplifications were performed in a GeneAmp PCR System 9700 (Applied Biosystems). After the initial incubation step (951C for 10 min), PCR was performed for 30 cycles: 1 min at 941C, 1 min at 54.31C and 2 min at 721C. A final extension step of 7 min at 721C completed the reaction. Amplified products (10 ml) were digested using 10 U of Taq-I (Amersham-Pharmacia, Amersham, UK) per reaction for 4 h at 651C. Digested products were electrophoresed on a 2% agarose gel and were visualized by ethidium bromide (0.5 mg/ml). The 16974 C allele yields two fragments, 906 and 140 bp, respectively. Ethidium bromide and agarose were supplied by Sigma Chemical Co. The 100 bp DNA marker ladder was supplied by Amersham-Pharmacia, Biotech. Genotype distribution is shown as absolute numbers of donors, and the percentage, in the brackets. Allele frequencies are shown as percentage. Comparisons were performed using the w 2 test. A P-value o0.05 was considered statistically significant. Figure 1 Quantities of IL12p40 production by human PBMC after stimulation in relation to Taq-I gene polymorphism. PBMC were isolated from 25 Bulgarian healthy volunteers (10-AA, 11-CA and 4-CC) by gradient centrifugation with Histopaque-1077 (Sigma). Genotype determination was performed as described in the legend to Table 1 . PBMC (1 Â 10 6 ) were cultured in sterile polystyrene tubes containing 2 ml RPMI 1640 media supplemented with: 100 U/ml penicillin, 100 mg/ml gentamicin and 0.3 mg/ml Lglutamine. The cultures were stimulated with: 30 mg/ml C3bgp, 30 mg/ml LPS from Escherichia coli (serotype 026-B6; Sigma), 20 mg/ ml PHA (Sigma) and 30 mg/ml PWM (Sigma). Both stimulated and nonstimulated cultures (N) were incubated at 371C for 24 h. C3bgp and culture reagents were tested for LPS contamination with Limulus amebocyte lysate 'E-Toxate' Multiple test (Sigma). The endotoxin level in all cases was less than 10 pg/ml. The quantity determination of IL-12p40 after 24 h in culture supernatants was performed by ELISA using commercially available kits purchased from BioSource, Austria, following the manufacturer's protocol. To determine whether IL-12p40 secretion varied with genotypes, all genotypes were compared simultaneously by the Kruskal-Wallis test of variance analysis. In the cases, when the Kruskal-Wallis test indicated significance, the differences between three genotypes were calculated by the Mann-Whitney U-test. Results are presented as means7s.e. In all tests, a P-value o0.05 was considered statistically significant. *Po0.05, CA and CC vs AA.
IL-12B polymorphism and IL-12 p40 production S Stanilova and L Miteva observed variations within the groups. This variability is attributable to the effects of IL-12Bpro polymorphism, which has been reported to have an impact on IL12B expression. 19 Our findings are in accordance with data obtained by another research group 10 and somewhat contrary to the results obtained by Seegers et al. 9 Results obtained by Morahan et al 10 demonstrated that allele 'A' was associated with a higher level of basal IL-12B expression in vitro by EBV transformed cell lines; however, this research group detected total RNA isolated from AA-and CC-EBV-transformed cell lines. On the other hand, Seegers et al 9 demonstrated that the presence of allele 'C' in the IL12B 3 0 UTR correlates with increased in vitro IL-12 p70, but not p40, secretion after stimulation of monocytes with SAC þ IFN-gamma. We suppose that a reason for our contrary findings might be the different type of IL-12B expression in isolated monocytes and PBMC. Muller-Berghaus et al 20 recently reported the effect of IL-12Bpro on dendritic cell IL-12 production and considered that the effects of the IL-12Bpro alleles may vary according to cell type and stimulus. Moreover, our results indicated that the production of IL-12p40 strongly depends on the stimuli used. Various stimuli may cause preferential stimulation of different cell type producing IL-12 (B cells and monocytes) in PBMC. As well known, LPS, PHA or PWM binds to the specific receptors and promotes cell activation and proliferation via different mechanisms of action. Further study must include examination of the effect of IL-12B 3 0 UTR SNP in IL12p40 production after stimulation of isolated cell population from PBMC, with respect to receptors and signal transduction pathway triggered by different stimuli.
In conclusion, in the current study, we evaluated the distribution of SNP in the 3 0 UTR region of IL-12B in two ethnic subgroups of Bulgaria and investigated in vitro IL12p40 production after stimulation of PBMC of healthy Bulgarians. First of all, we demonstrated that Bulgarians and Turkish minority in Bulgaria have no significant genetical differences according to the 3 0 UTR region of IL-12B SNP. Secondly, we demonstrated that association between genotype and IL-12p40 production by stimulated PBMC depends on the stimuli used. The presence of the allele 'A' was associated with increased IL-12p40 production by PBMC stimulated with C3bgp. These data may facilitate the investigations of differences in immune response between ethnic groups and populations according to cytokine polymorphisms.
